Contributory factors to critically wrong road-crossing judgements among older people: an integrated research study 老年人橫過馬路的嚴重錯誤判斷的促成因素：綜合調查研究 BPY Loo 盧佩瑩 and KL Tsui 徐國樑 Introduction: Older people are having higher risk of vehicle-pedestrian collisions. This study examines the relative importance of different environmental, physical and cognitive factors in contributing to critically wrong roadcrossing judgements. Methods: An integrated research design is adopted. Older pedestrians were recruited through Elderly Community Centres in Hong Kong. Data about their physical and cognitive ability were collected through setting up outreach laboratories within the participants' neighbourhood communities. In addition to obtaining two walking speeds, three clinical tests (the visual acuity test, Timed Up and Go test and Mini Mental State Examination [MMSE] test) were conducted. A questionnaire survey collected personal information and activity data. Eighteen different road-crossing scenarios showing the same dual-lane one-way local road with different traffic conditions (a vehicle approaching at different distances, at different speeds, and on different lanes) were captured in videos and presented to the participants. Their decision time and judgement for each scenario were recorded in a computer. Apart from descriptive statistics, a binary logistic generalised estimating equation model was estimated. The dependent variable is whether a road-crossing judgement was critically wrong or not.
Introduction
Many developed countries are having ageing societies. An ageing population poses various challenges to road safety. 1, 2 Probably due to the high risk that older drivers may impose on other road users, various road safety issues related to older drivers have been systematically examined. [3] [4] [5] [6] Nonetheless, as people get older, they are more likely to become passengers and pedestrians. In Hong Kong, 70.1% of all trips made by older people of 60 years or above were conducted by walking only; the share rose to 73.5% for those of 65 years or above. 7 The situations in other more automobile-oriented societies understandably differ. In Europe, the shares of walking trips among older people of 65 years or above were 34% in Germany 8 and 27.8% in the Netherlands. 9 In New Zealand, it was about 23.8%. 10 In the US, the share was just about 9%. 11 Worldwide, there is increasing scientific evidence to show that walking can lead to enormous physical and mental health benefits. [12] [13] [14] [15] [16] [17] For older people, walking is increasingly encouraged not only for promoting physical health but also enhancing their feelings of wellbeing. 13 A modal shift from motorised transport to walking, however, will increase the exposure of older people to vehicle-pedestrian collisions. 18, 19 Furthermore, older people are having higher risk of vehicle-pedestrian collisions, even when the higher exposure (kilometres travelled/walked) is controlled for. 20 Once older pedestrians are being hit by a vehicle, they are much more likely to sustain severe injury or even fatality. [21] [22] [23] [24] When compared to younger pedestrians (14 years or above) hurt in a vehicle-pedestrian collision in Hong Kong, older people (65 years or above) were five times more like to suffer from critical trauma (ISS>30) and three times more like to die from the road trauma. 23 In search for ways of reducing pedestrian injuries among older people, it is important to look closely into their road-crossing judgements. Generally, a pedestrian will cross a road when he/she considers that it is safe for him/her to cross the road under the specific circumstances. When this judgement is wrong, a vehicle-pedestrian collision is likely to occur (it may still be avoided, for example, if the driver stops in time). A wrong judgement, in turn, may be due to various reasons that he/she is over-confident about his/her walking speed, or if he/she makes an incorrect estimation on the speed and/or distance of the oncoming vehicle, or if his/her decision time is too long. In other words, reduced physical capability of slower walking speed cannot totally account for unsafe road-crossings. 25 Older pedestrians can still cross roads safely by choosing a longer time gap to compensate for their slower walking speed. An estimation of the time gap is particularly complex because it depends on the ability to judge and integrate information related both to the speed and distance of the approaching car(s). [26] [27] [28] [29] While it is evidenced that older people have a higher risk of vehicle-pedestrian collisions and a greater chance of sustaining severe injury or even fatality when hit by a vehicle, it is not clear how different environmental, physical and cognitive factors contribute to wrong road-crossing judgements among this vulnerable group of road users. Hence, this study attempts to examine the road-crossing judgement in greater detail by combining different physical, cognitive and road environment factors. It aims to identify the key contributory factors leading to critically wrong (unsafe) road-crossing judgements among older people.
Methods
An integrated research design is adopted to study the physical ability of older pedestrians and their cognitive ability to evaluate different road-crossing circumstances. The fieldwork was conducted in Hong Kong between September and December, 2011. The samples were randomly selected from the list of registered Community Elderly Centres (hereafter Centres) situated in different regions of the city. Only Centres for non-institutionalised persons were chosen because this research is primarily concerned with the road-crossing judgements of community-dwelling older people who can and will walk independently. As of 2011, there were 248 eligible Centres within the city. These Centres varied substantially both in terms of physical size, range of activities offered and membership number. Half of the Centres in each region were randomly selected to participate in the research. Invitations were sent either by fax or email. Follow-up phone calls were made after initial contacts. Moreover, site visits were conducted to ensure that there would be sufficient room for the setting up of the waiting area, rest area, back-of-house and the outreach laboratory (elaborated below). Some Centres which indicated their willingness to participate in this study were not included due to the unavailability of a suitable venue for the physical set-up of the outreach laboratory and/or scheduling problems. Seven Centres participated in this study, with three located on the Hong Kong island, two in Northwest New Territories and one each in Kowloon and Nor theast New Territories. In other words, Centres of all four major districts in Hong Kong were included. The wide spatial coverage helps us to identify key contributory factors leading to wrong road-crossing judgements among older people at a territory-wide level. While great efforts have been spent in recruiting our samples balancing scientific sampling principles and practical considerations, the study does not claim proportionate representation by district or a random sample of the entire elderly population in Hong Kong. The findings and discussion are based on the sample of elderly participants of this study.
Outreach laboratory and sample collection at local communities
To conduct a real-life road-crossing experiment with approaching vehicles would be too dangerous to research participants, even on a closed road set up for the research. The alternative of conducting an experiment in a fully-equipped University laboratory with a visual stimulator or three-dimensional projector will require older people living in different parts of the city to travel to the designated laboratory. 30 The extra travel and efforts will introduce sample bias and/ or reduce the sample size. Also, even in a University laboratory set-up, one cannot overcome the inherent limitation of any simulation-based study that a participant may not behave exactly as in reality. One key advantage of developing and using video-simulated computer experiments is that it is possible for the multidisciplinary research team to set up a fully equipped laboratory in different neighbourhood communities and, hence, allowing and facilitating older people living in different parts of the city to take part in this study. Participants of age 60 or above were recruited voluntarily through the Centres. Research ethics were obtained prior to the survey and all participants gave written consents to participate. On each survey day, six desktop computers were deployed in the field. A team of 17 research personnel and 7 medical practitioners visited the seven Centres in ten sessions on five whole days. The key members of the team (including a University Professor and her team of 5 research postgraduate students, and a Hospital's Senior Medical Officer and his team of another Medical Officer and two trauma nurses) participated in all ten sessions of the study. In addition, 12 part-time Research Assistants took part in the field visits. Each of them attended two briefings and a training session before joining this study.
Clinical tests
A core part of this study involves collecting data primarily about the physical and cognitive ability of older people. Each research participant was asked to walk without stopping for 7.37 meters, the actual width of a local dual-lane one-way road at two different road-crossing speeds. In the first case, the participant was asked to walk at a pace that he/she would usually do when crossing a signalised junction with green light for pedestrians. This is labelled the normal roadcrossing speed. Then, he/she was also asked to cross at a speed that he/she would, should the pedestrian green light be flashing. This will be recorded as the fast roadcrossing speed. To maximise data reliability, there were two trials for each walking speed (with rests in-between and when requested) and the average was taken as the value of the corresponding variable. Besides, three other clinical tests were administered by medical personnel for each research participant. The visual acuity test was conducted to see whether eyesight is a s i g n if ic a n t f a c t o r in a f f ec t in g ro a d -c r o s s i n g judgements. For respondents wearing glasses, they were asked to keep their glasses on during the examination if they would wear them when they walked alone. . Any mark less than 20/ 1000 is considered near blindness or blindness. The Timed Up and Go (TUG) Test was conducted to identify balance problems and controlled as a potential risk factor of tripping when walking under pressure or in a hurry. The Test involves asking elderly participants to sit in a standard arm chair. Upon hearing the instruction "go", they stand up from the chair, walk 3 meters ahead at the regular pace (with the walking aid, if they use it when travelling alone), navigate an obstacle on the floor (in this case, a water bottle) and return to the chair. Each participant performs the TUG Test two times. The faster time is used as the final score, which is the time (in seconds) that the respondent took to complete the Test. A cut-off point of 12 seconds is used to identify older persons with high risk of falling or having balance problems. 32 Finally, an Mini-Mental State Examination (MMSE) test was conducted to identify older people with cognitive impairment, which could have affected their road-crossing judgements. Given the local dialect in Hong Kong, the Cantonese version of MMSE test was used. 33 The full MMSE score is 30; and the cut-off points of 10 and 20 are used to classify the three groups of mild (MMSE score of [21] [22] [23] [24] , moderate (MMSE score of 10-20) and serious (MMSE score below 10) cognitive impairment. 34 
Questionnaire survey
In addition, a questionnaire survey was conducted on various aspects of typical daily travel activities of the research participants, and their perceptions on pedestrian safety. The questionnaire was written in Chinese and read aloud to the research participants in the local dialect (Cantonese) individually during the survey. The need to read aloud, though labourintensive, was necessitated by the fact that the illiteracy rate among older people was high (see discussion below). Information about their walking habits and personal background, such as age, gender and brief medical history, was also collected.
Video-simulated computer experiment
The last part of the study consists of 18 trials of a video-simulated road-crossing judgement exercise. In each of these trials, a pre-recorded video shows the vision of a pedestrian (at eye level) waiting at the curb side to cross a dual-lane one-way local road at a midblock location with a vehicle approaching. The scenarios were developed based on previous road safety research that people' s road-crossing judgements vary by the distance and speed of the on-coming vehicle, and whether the vehicle is on the nearside or offside lane. 30 Based on the local circumstances in Hong Kong, they consisted of 18 scenarios of different speeds (30 km/hr, 50 km/hr and 70 km/hr), arrival time (6 seconds, 4 seconds and 2 seconds) and travelling lanes (nearside and offside) of the oncoming vehicle (in this case, a light van). All videos were pre-recorded on the same road with the same light van (hired for the purpose of the video-shooting) during daytime on a sunny day. During the computer experiment, each research participant was accompanied by a trained facilitator sitting next to him/her and explaining all the details and procedures. After the warm-up trials (at least three), all research participants indicated that they were able to fully understand the experiment before it started. Then, the nine scenarios of the nearside lane were shown first. The order of the scenarios was randomised to avoid the respondents from falling into a response pattern syndrome. As both the nearside and the offside lanes were tested, there was a total of 18 scenarios.
For each scenario, a research participant was asked to judge whether he/she could cross the road safely under different specific circumstances. The research participant was asked "If you step out of the road and cross it now, do YOU think YOU can cross safely?" [emphasis in the original script]. The time from which he/she was asked to respond to the time of an actual response was recorded in a computer program as the decision time, D. The response of "yes" or "no" was later transformed in a "correct" or an "incorrect" answer by comparing the decision with objective estimates of whether that research participant can cross safely with his/her walking speeds measured on the same day. We calculate the safety margin (
where S i,k is safety margin for individual i and scenario k, T k is the available time gap of scenario k, W i is the walking time of individual i under the normal road-crossing speed, D i,k is decision time that individual i has taken in making a judgement for scenario k. If S i,k is positive, it indicates that it is safe for the participant to cross the road. The opposite is true when S i,k is negative. Moreover, we recognise that a respondent may still be able to "make up" for the negative safety margin by walking faster. Hence, the absolute safety margin (
where F i is the time taken by individual i at the fast road-crossing speed under pressure to hurry. When S i,k is negative but A i,k is positive, the roadcrossing judgement is considered marginally unsafe, suggesting that the research participant can still cross the road without being hit by the vehicle if he/she walks faster within his/her own physical ability. If A i,k is still negative, a judgement to cross the road is considered highly dangerous and critically wrong.
It is worth noting that the research participants in this study were not asked to indicate whether they would cross the road (or not) in different scenarios. In our pilot survey, most research participants actually chose not to cross the road in all scenarios for social desirability. Moreover, instead of the road-crossing decisions (cross or not cross), our research focus is on the road-crossing judgement (safe or not safe) of whether the research participant can correctly evaluate whether he/she can cross the road safely in different circumstances given one's own physical and cognitive ability and the specific road traffic conditions. Table 1 summarises the classifications of road-crossing judgements by combining all physical, cognitive and environmental factors.
Results
A total of 401 older people took part in this study. After data cleaning and editing, 7,182 road-crossing judgements of 399 older people were usable. Though this study focuses on age-related road-crossing ability, it is recognised that ageing is a gradual process. The decline in road-crossing ability by no means follows a sharp "cut-off" point based on a specific age threshold. Hence, we analyse the effects of age by grouping respondents into age groups of five years (different classifications have been tried) to ensure that there are sufficient and comparable number of respondents in each age group. Table 2 shows the summary descriptive statistics of key variables across the five different age groups of below 70, 71-75, 76-80, 81-85, and above 85. As shown in Table 2 , age is markedly associated with a decline in physical ability, as reflected in slower mean walking speeds, wider use of walking aids and a higher share of the respondents experiencing balancing problems. The mean normal road-crossing speeds were 1.05, 0.97, 0.90, 0.81 and 0.70 meter(s) per second 
The judgement is considered wrong but not critically wrong because it implies that the respondent has missed a chance to cross the road safely. 4. The judgement is considered wrong but not critically wrong because it implies that the respondent may still avoid a collision by walking faster at F i (within his/her ability).
(m/s) for the age groups of below 70, 71-75, 76-80, 81-85, and above 85 respectively. The average normal and fast road-crossing speeds for the entire sample were 0.91 m/s and 1.09 m/s respectively. The findings are consistent with a recent study in the UK that the mean walking speed was 0.8 m/s to 0.9 m/s among the older population of 65 years old or above. 35 In addition, the share of research participants using walking aids and experiencing balance problems rose systematically across the five different age groups in ascending order.
Moreover, the decline in cognitive ability, as reflected in both longer decision time and lower MMSE scores, is also obvious for the older age groups. The decision time of the research participants increased steadily from 2.34, 3.31, 3.35, 3.48 and 4.62 seconds for the age groups of below 70, 71-75, 76-80, 81-85, and above 85 respectively. The percentage of participants with MMSE scores below 25, suggesting some degree of cognitive impairment, also rose consistently from 9.59%, 19.57%, 29.17%, 31.34% and 51.06% for the five age groups respectively. Figure 1 shows a scatterplot of MMSE scores and the normal road-crossing speed of respondents. While the best-fit line shows a slightly positive relationship, the Pearson correlation coefficient (r) is only 0.33 (p=0.000) and the R-square is 0.11 (p=0.000). Once again, the data suggest that issues of pedestrian safety in ageing societies should not be understood purely as older people suffering from weaker cognitive ability or slower walking speed alone. Older people having some cognitive impairment, especially those with mild impairment only (MMSE score of 21-24), may not show an obvious decline in walking speed. Conversely, slow walking speed may not be associated with cognitive impairment. In this study, no research participant was having serious cognitive impairment (MMSE score of 10 or below); this is not surprising due to the research scope and design explained above. Similarly, none of the research participant suffered from near blindness or blindness of both eyes. When both eyes are considered, eyesight problems were more marked among respondents of 85 years old or above. For this age group, 29.8% and 21.3% suffered from moderate and serious visual impairment respectively. In other words, about half (51.1%) suffered from moderate visual impairment or above. Yet, research participants of 85 years old or above were still active and independent. More than 95% (95.5%) of them would go out alone. Whether this active lifestyle among older people (including those over 85 years old) has been encouraged by the compact urban structure of Hong Kong and the walkable neighbourhoods near their homes is a topic of further research. Lastly, the share of correct road-crossing judgements does not exhibit a clear pattern of worsening performance with older age groups. With respect to the variable of correct road-crossing judgements, a bivariate ANOVA analysis c o nf ir ms t h a t bet ween-g ro u p d if f eren c es a re statistically significant (p=0.000). However, the relationship is in the form of an inverted U-shape, with both the 70 or below (70.3%) and over 85 age groups (71.6%) performing better in making more correct road-crossing judgements. The shares of correct judgements were 63.7%, 68.6% and 65.7% for the 71-75, 75-80 and 81-85 years old age groups respectively. Among the wrong judgements, most of them were in the "wrong and unsafe" category (S i,k 0 and A i,k >0), implying that these older pedestrians would have to hurry at their fast crossing speeds in order to avoid a vehicle-pedestrian collision. For the entire sample, about 10% (9.5%) of the judgements were the "critically wrong and unsafe" category (A i,k 0), suggesting that the outcomes were unsafe regardless of the respondents' faster walking speeds. The shares were 3.7%, 9.6%, 8.8%, 12.6% and 16.2% for the age groups of below 70, 71-75, 76-80, 81-85, and above 85 respectively.
To gain a better understanding of the road-crossing judgement, a binary logistic generalised estimating equations (GEE) was conducted. The dependent variable is whether the road-crossing judgement is critically wrong or not. There are three groups of independent variables, namely 1) physical variablesgender, age, eyesight, balance and road-crossing speeds; 2) cognitive variables-decision time and MMSE score; and 3) road environment variables-vehicle speed, time gap and lane (nearside or offside). A preliminary analysis was conducted to include only statistically significant variables in the binary logistic GEE model. Interactions among some independent variables have also been tested. However, they are not statistically significant at 95% significance level and do not improve the model fit. Table 3 shows summary results of the final model. Moreover, the odds ratio (OR) is shown. An OR above one identifies a subgroup more at risk of making critically wrong road-crossing judgements. Both the level of statistical significance and the Wald Chi-square statistic (especially when the level of statistical significance is the same) are used to compare the relative significance of different independent variables.
The road environment variable of vehicle speed is the most statistically significant factor in accounting for critically wrong judgements among the research participants. Using 70 km/hr as the reference group, vehicle speeds of 30 km/hr and 50 km/hr reduce the chances of older people making critically wrong judgements dramatically (by 68-89%). At the vehicle speeds of 30 km/hr and 50 km/hr, the Odds Ratios for older pedestrians to make critically wrong judgements are 0.11 and 0.32 respectively. The findings provide further support for reducing vehicle speed limit on roads where pedestrians may cross. Currently, there is ample medical evidence to show that pedestrians' injury severity increases greatly with higher vehicle speed, and any vehicle-pedestrian collision involving a vehicle travelling at 70 km/hr and This study further suggests that higher vehicle speed also significantly increases the chance for older pedestrians to make critically wrong road-crossing judgements. In addition, the distance of the oncoming vehicle to the pedestrian is highly statistically significant (p=0.000). The closer is the oncoming vehicle, the more likely that an older person makes a critically wrong road-crossing judgement that he/she can cross the road safely (subjective judgement as safe) but the reality is that he/she cannot (objective outcome as unsafe). The distance tested in this study ranges from 34 to 234 meters. Any reduction in distance of two meters (1%) increases the chance of making a critically wrong judgement by 1% (OR=0.99). The key message, therefore, is to alert older pedestrians not cross a road when an oncoming vehicle is close even if the vehicle seems to be travelling at a slow speed. The decision time that they took before stepping out onto the road, together with the actual time needed to cross the road, is likely to lead to critically wrong judgements when the vehicle is close. Table 4 shows the respective minimum time and d ist anc e gap s f or elder ly pedestrians to cross the road safely using the age-group specific mean crossing speeds and decision time ( Table  2) . For the entire sample, the minimum distance gap required would be about 84.1-95.2 m, 140.2-158.7 m and 196.2-222.2 m for vehicles travelling at 30 km/hr, 50 km/hr and 70 km/hr respectively. For safe roadcrossing, the time gap required increases systematically across different age groups from 9.4 to 15.1 seconds, basically reflecting the slower walking speed and longer decision time for older age groups. However, even with the same time gap, the elderly pedestrians need to understand that the distance gap multiplies as the speed of an oncoming vehicle gets higher. Take the 76-80 years old age group as an example, the minimum time gap for them to cross a two-lane road safely was 11.5 seconds. For a vehicle travelling at 30 km/hr, they would need to have a minimum clear distance of 96.2 m. Table 2. 2. Calculated based on the respective mean fast crossing time and mean decision time, as shown in Table 2 .
Yet, when the vehicle speed is 70 km/hr (and the minimum time gap is the same), the minimum clear distance more than doubled to 224.4 m. Without considering vehicle speed, a judgement based on distance alone by (wrongly) inferring that a vehicle farther away suggests that it is safer to cross the road can be highly dangerous. In addition, based on previous road safety research, our study finds some weak evidence (p<0.10) that a vehicle moving on the offside lane also increases the chance of wrong road-crossing judgements among the older pedestrians by 1.17 times.
On physical variables, normal road-crossing speed is the most statistically significant. The coefficient is negative and that the OR is slightly below 1 (OR=0.95).
In other words, older pedestrians with a slower walking speed are more likely to make a critically wrong judgement. The results may indicate that these older pedestrians are over-confident about their physical ability and, hence, are prone to misjudge an unsafe road-crossing situation (outcome) as safe (decision). They believed they would be able to cross the road safely but the outcome based on their decision time and walking speeds (even at the faster walking speed) will have resulted in an unsafe outcome. In contrast, older pedestrians walking faster (regardless of age) are ma k in g f e wer c r it ic a lly wro n g ro a d -c ro s s in g judgements. Yet, interactions between different combinations of walking speed, age group and gender are not statistically significant. Taken separately, age group, gender, eyesight problems (with different degrees of impairment for the left, right and both eyes) and balance problems are not statistically significant independent factors in the GEE model.
Last but not least, the cognitive variable of MMSE score group is a highly significant factor. Among the two groups of mild impairment (MMSE score [21] [22] [23] [24] and moderate impairment (MMSE score [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , the chance of making a critically wrong road-crossing judgement is about 2 times that of the normal group. Based on the Odds Ratios, the moderately and mildly impaired groups are 2.01 and 1.83 times more likely to make wrong road-crossing judgements. More attention should be paid to alert older pedestrians with cognitive impairment not to commit critically wrong road-crossing judgements by crossing at undesignated road-crossing locations. Although waiting for a longer time gap will mean some missed opportunity of crossing safely based on their physical ability, they should learn that a safe road-crossing decision does not depend on walking speed alone. This message is particularly important because, as shown in Figure 1 and Table 1 , the correlation between MMSE score and the normal road-crossing speed of respondents is weak (r=0.33). Older people with mild cognitive impairment (MMSE score of 21-24) do not show an obvious decline in walking speed. Taken separately, decision time is not a significant independent variable.
Conclusions
In terms of policy implications, the design of the road infrastructure needs to take into account the changing needs of an ageing society. The safety of elderly pedestrians deserves more attention. The time for crossing (green light) at signalised pedestrian crossings, for instance, should be critically reviewed in light of the slower walking speed of older people. Other measures to improve pedestrian safety among older people include lowering vehicle speeds in the urban areas, and improving the visibility and clarity of road crossing facilities. On the pedestrian side, the most vulnerable groups of older pedestrians should be identified so that effective countermeasures, such as publicity and training, can be formulated to allow this group of pedestrians to cross roads safely without jeopardising their mobility. In particular, this study rec r u it e d res ea rc h p a r t ic ip a n t s f ro m Eld er ly Community Centres who are generally healthy and socially active. Improvements should be made to further facilitate and support older people to engage in their local communities and society at large. In the first place, older pedestrians should be warned not to judge whether it is safe to cross a road based on their own physical ability alone. A faster oncoming vehicle can make a previously safe road-crossing situation on the same road with the vehicle being away at the same distance highly dangerous. Clear messages that pedestrians should not be making road-crossing judgements simply by judging the distance of an oncoming vehicle should be conveyed to the older people. Moreover, older pedestrians with slow walking speed should be made aware of their physical ability when making road-crossing judgements. Lastly, it is important to note that older people with mild and moderate cognitive impairment may still be physically fit and are not walking slowly. Yet, they are nearly 2 times more likely to make critically wrong roadcrossing judgements. Overall, there is a need to design a comprehensive road safety strategy to embrace the ageing trend and to ensure that the mobility of the older people is not sacrificed.
